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1. Inlroduclion 
The land application of sludge from pulp mills could be one of the 
most useful and ecological approaches to solving two problems: 
waste disposal and soil orgarnc matrer reduction. However, the use of 
this product can imply several risks derived from the high content of 
heavy metals. Heavy metal content is a limiting factor for the contin-
ua! and generalised agronomic utilisation of sorne organic residues. 
Therefore, a study of the mobility ofheavy metals in soil and of 
heavy metalleaching, seems to be a judicious and necessary practice 
when this sludge is used. 
2. Malerials and Melhods 
Materials 
The soil, a non calcareous sandyTypic Endoaquept, (pH: 6.08; OM: 
5.0 g kg'" CaCO,: <2.5 g kg") is a very representative soil of the 
"Comarca Costa de Huelva" (SW Spain) where sandy soils with low 
organic matrer content are prevalent. A primary non-composted 
paper mill sludge (PS) produced by the paper industry of"SanJuan 
del Puertd' (Huelva, SW Spain) was used. Heavy metal content in 
this sludge is much higher than in other paper wastes used as agri-
cultura! amendments (Vasconcelos and Cabral, 1993; Bellami et al., 
1995). The most relevant characteristics of the PS are in Table 1. 
Design of /he experiment 
The soil was placed in polyvinylchloride cylinders (19 cm eliarneter, 
60 cm height). The top soil ofthe columns (0-20 cm) was thoroughly 
mixed with the PS at arate equivalent to about 50,000 kg ha" by 
adeling 20 g ofPS to 1 kg of soil. Columns without PS adelition 
were used as controL A randomised complete block design with 
three replicates per treatment was used. Columns were periodica1ly 
irrigated and the water draining was collected and analysed for heavy 
metals by ICP-OES during the experimental periodo At the end of 
the experimental periad available heavy rnetals in soil columns at 
three depth (0-20cm, 20-35 cm and 35-50 cm) were extracted with 
a DTPA solution (Linseyand Norvell, 1978) and analysed by ICP-
OES. 
3. Resulls and Discussion 
Drainage water and heavy metalleaching 
The concentrarion of Cd, Co, Cu, Mn and Zn in drainage water in 
columns arnended with PS was always comparable to the concentra-
rion of these metals in drainage water in control columns. 
Heavy metal availability in soil at different dep/h 
In the superficiallayer of soil (O-20cm), available heavy metal con-
tenIS were statistically higher in soil treated with PS than in control 
soils (Figure 1). However, no differences in available Cu, Mn and 
Zn contents at deeper soillayers (from 20 to 50 cm) (Figure 1) were 
found, confirming the retention ofheavy metal in the soil surface. 
The same tendency was observed for Cd and Co. 
4. Conclusions 
Great arnount ofheavy metals added through paper sludge applica-
cion, increased available contents of these elements in the top soil. 
However, no sign of mobilisation were detected during the first year 
after the sludge application. 
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Table 1. Sorne relevant characteristics of the paper sludge. 
OM Tot-Cd DTPA- Tot-Co DTPA- Tot-Cu DTPA- Tot-Mn DTPA· Tot-Zn DTPA· 
Cd Co Cn Mn Zn 
gkg"¡ rngkg-l rngkg-l rng kg"l rngkg-l rngkg"l rngkg-1 rngkg-1 rng kg-l rngkg"¡ rngkg-1 
293 6.38 3.78 130 19.4 969 398 3790 583 1530 359 
F1!I1. Available (DTPA) contents 01 Cu, Mn and Zn in soil columns at different depth. 
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